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Abstract 
The strain capacity of pipelines is one of the primary factors for the design of those made of high-strength and high-
toughness steel. The work presented in this paper describes the evaluation method for the compressive-bending 
plastic buckling capacity of pipeline steel tube based on strain-based design. The evaluation method developed in this 
paper used Gurson-Tvergaard -Needleman(GTN) model which is the constitutive model of the steel by user-material 
subroutine (UMAT) for the commercial software of ABAQUS. The model parameters were decided by comparison 
between experiment and simulated data. The compressive-bending experimental results are simulated using this 
evaluation method by means of the maximum bending moment as well as the critical compressive strain. Using this 
method, we simulated compressive-bending plastic buckling behavior of pipeline steel tube for the practical design in 
the hazardous region. 
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1. Introduction 
There are several types of pipeline construction projects on a large scale all over the world. In Korea, 
some companies develop high-strength steel to use to construct structures. The deformed capacity is 
important to pipeline using the developed high-strength steel based on strain-based design (ASME 1995). 
In this study, we simulated elastic-plastic behavior of high-strength steel using Gurson-Tvergaard-
Needleman(GTN) model and develop a new evaluation standard for compressive-bending buckling of 
pipeline usign nonlinear finite-element analysis. 
2. Nonlinear Finite-Element Analysis of Pipeline Steel Tube 
The work presented in this paper describes nonlinear finite-element analysis for evaluating the 
compressive-bending plastic buckling capacity of pipeline steel tube. The finite-element material model 
was used to simulate the behavior of the uniaxial tension test took from the surface of pipeline steel tube. 
In this case, the evaluation methods are largely influenced by the material simulating techniques. The 
simulated material parameters were used to analyze the compressive-bending experiments. Using this 
results, we were able to establish a new evaluation standard such as critical compressive bending strain as 
well as maximum bending moment. 
2.1. GTN model 
An appropriate material model is required to simulate the behavior of the uniaxial tension test took 
from the surface of pipeline steel tube. In this study, Gurson-Tvergaard-Needleman(GTN) model is 
employed for the development of the constitutive model of the steel. GTN model which includes damage 
model is suitable for simulating large deformed problem such as post-buckling problem. Tvergaard and 
Needleman modified Gurson's model which presents that void inside of material occurs through 
nucleation, growth, coalescence (Gurson 1977; Tvergaard and Needleman 1984; Rice and Tracey 1969; 
McClitok 1968). The yield condition and effective void volume fraction is shown in equation (1), (2), 
respectively. 
 (1) 
 (2) 
In equation (1), indicate yield strength of material, hydrostatic stress, equivalent stress, respectively, q1, q2, 
q3, is material properties to decide yielding of material. Equation (3) indicates probability distribution of 
void nucleation, ƃpm, eN, sN, fN are equivalent plastic strain, average of standard normal distribution, 
standard deviation of standard normal distribution, void volume fraction which is able to create void, 
respectively. An exponential function is used for strain hardening. 
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 (3) 
The GTN model is implemented in the form of the user-supplied material subroutine(UMAT) for the 
commercial software of ABAQUS. To calibrate the model parameters, q1, q2, q3, ıy, fe, fF, İN, sN, fN strain 
hardening exponent N and initial void volume fraction f0 we simulated the results of the uniaxial tension 
test using ABAQUS equipped with the developed GTN model. The set of the model parameters are 
presented in table 1. 
Table 1: Calibrated parameters of the GTN model 
Parameter 
Value 0.1 0.3 0.0008 1.5 1.0 2.25 0.000125 0.015 0.25 
 
2.2. Experiment 
The compressive-bending buckling experiment was modeled as shown in figure 1(a). To simulate this 
experiment, we used finite-element model as shown in figure 1(b). In figure 1(b), node 6 and 7 were 
moved by displacement control, as well as plate which is attached to pipeline steel tube was modeled to 
bend the steel tube by having rigidity. 
 
(a) Specimen (b) Finite-element model 
Figure 1: The compressive-bending buckling experiment. 
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3. Evaluation of Compressive-Bending Buckling Capacity 
3.1. Establishing an evaluation standard 
The result has been modified to establish an evaluation standard. We substitute compressive -bending 
strain for the small amount of deformed angle from tiltmeter which was attached to pipeline steel tube 
surface as shown in equation (4). 
 (4) 
K means curvature which is calculated from the difference between deformed angles, D is the outer 
diameter of pipe, respectively. In figure 1(b), reactions from node 6 and 7 multiplied by the length of 
plate replace to the bending moment. We presented bending moment-compressive bending strain curve 
using the modified results. The maximum bending moment and critical compressive-bending strain which 
is the strain at the maximum bending moment could be the indices of the evaluation of compressive-
bending buckling of pipeline steel tube. 
 
3.2. Evaluation of compressive-bending buckling capacity 
To consider the construction error, blister which is sine function shaped initial imperfection and ovality 
which presents pipeline becomes oval in shape due to applied load was substituted to the pipeline model. 
Blister is simulated by changing the radius of pipeline according to the height of pipeline. Ovality is 
simulated by equation (5) and the thickness of pipeline maintains constant anywhere. bending moment-
compressive bending strain curve according to the wave length of initial imperfection and ovality is 
shown in figure 2 and 3, respectively. Critical compressive- bending strain and maximum bending 
moment is presented in table 2 and 3. 
 (5) 
where, ODmax, ODmin indicate maximum and minimum outer diameter of pipeline. The error compared 
to experiment is within 10% . Ovality ratio was within 0.5% which is under controlled and it influences 
rarely as shown in figure 3. 
4. Conclusions 
The conclusions drawn from the results of this study are: 
The evaluation method developed in this paper used GTN model by user-supplied material subroutine 
(UMAT) for the commercial software of ABAQUS. The model parameters were decided by comparison 
between experiment and simulated data. The compressive-bending experimental results are simulated 
using this evaluation method by means of the maximum bending moment as well as the critical 
compressive strain. The error compared to experiment is within 10%. Using this method and result, we 
simulated compressive-bending plastic buckling behavior of pipeline steel tube. We could draw a better 
conclusion through the additional experiments for initial imperfection.. 
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(a) Gage length D (b) Gage length 3D 
Figure 2: Moment-compressive strain using blister. 
(a) Gage length D (b) Gage length 3D 
Figure 3: Moment-compressive strain using ovality. 
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Table 2: Result using blister 
Wave length 
[mm] 
Maximum bending moment 
[kNm] 
Critical compressive strain 
[gage length D] 
Critical compressive strain 
[gage length 3D] 
Experiment 6856.11 0.01419 0.01187 
No 
imperfection 
7448.40 0.01704 0.01524 
305 7169.38 0.01035 0.00930 
450 7338.84 0.01158 0.01087 
560 7416.48 0.01494 0.01298 
730 7448.18 0.01595 0.01453 
Table 3: Result using ovality 
Ovality ratio 
[%] 
Maximum bending moment 
[kNm] 
Critical compressive strain 
[gage length D] 
Critical compressive strain 
[gage length 3D] 
No 
imperfection 
7448.40 0.01453 0.01524 
0.1 7442.65 0.01452 0.01527 
0.3 7431.16 0.01449 0.01528 
0.5 7419.72 0.01447 0.01529 
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